HIGH-VOLTAGE DETECTING CIRCUIT 
BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

5 The present invention relates to a high-voltage detecting 

circuit for detecting a high voltage applied to an input terminal 
for a use of, for example, a mode setting and the like. 

2. Description of the Related Art; 

Japanese Patent Kokai No. 5-259880 . for example, can be cited 
10 as a prior art reference. 

Conventionally, a voltage higher than a power supply voltage 
is applied to an input terminal which is commonly used for applying 
address signals and the like, for setting an integrated circuit 
to a test mode in a semiconductor device. The applied voltage 
15 is detected by a high-voltage detecting circuit to switch the 
integrated circuit into the test mode. 

A conventional high-voltage detecting circuit comprises, 
for example, a P-channel MOS transistor (hereinafter, referred 
to as "PMOS" ) which has a source connected to an input terminal, 
20 a drain connected to a ground voltage GND through a resistor 
or the like, and a gate applied with a power supply voltage VCC. 
The voltage level at the drain of the PMOS is output as a detected 
high voltage signal. 

When the common input terminal is applied with an 
25 intermediate voltage between the power supply voltage VCC and 
ground voltage GND (an address signal and the like) in the 
high- voltage detecting circuit as mentioned above, a threshold 
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voltage Vth of the PMOS impedes a current from flowing into the 
PMOS, causing the level "L" to appear at the drain. On the other 
hand, when the input terminal is applied with a predetermined 
voltage (voltage higher than VCOVth) . the PMOS turns on so that 
the level at the drain goes to "H.» It is therefore possible 
to rely on the level at the drain of the PMOS to detect whether 
or not a high voltage is applied. 

The conventional high- voltage detecting circuit, however, 
has the following problems. 

The miniaturization of integrated circuits drives gate oxide 
films to be made thinner, but this trend of reducing the thickness 
results in a lower breakdown of the gate oxide film, so that 
it becomes difficult to apply a high voltage to the gate. 

On the other hand, some tests conducted on semiconductor 
15 devices include a high-voltage application test which involves 
applying the power supply voltage VCC set higher than the voltage 
that should be applied during a normal operation . In this event . 
the high voltage applied to the input terminal for setting a 
semiconductor device to a test mode is increased further beyond 
the predetermined high voltage (VCOVth) . Generally, the input 
terminal applied with the high voltage is commonly used as an 
input terminal for address signals and the like for avoiding 
an increase in the number of terminals of the semiconductor device . 

Thus , if the input terminal is applied with a voltage higher 
than the predetermined voltage for setting the test mode, the 
high voltage will destroy a gate oxide film of an input circuit 
for the address signal. 
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SUMMARY OF THE INVENTION 

To solve the aforementioned problem, the present invention 
provides a high-voltage detecting circuit for detecting 
application of a high voltage for a mode setting, and holding 
5 and outputting a high-voltage detecting signal. The 

high-voltage detecting circuit includes an input terminal which 
is commonly applied with a high voltage and an input signal, 
said high voltage being higher than a power supply voltage and 
said input signal having a voltage equal to or lower than the 
10 power supply voltage; a reset unit for outputting an initial 
reset signal when the power supply is turned on; a transistor 
having a source connected to said input terminal and a gate applied 
with the power supply voltage, said transistor turning on in 
response to the application of said high voltage to said input 
15 terminal, and turning off in response to the application of the 
input signal to said input terminal; and a latch which is reset 
by the initial reset signal, and set when said transistor is 
turned on to output a high-voltage detecting signal. 

According to the present invention, the following operation 
20 is performed, since the high-voltage detecting circuit is 
configured in the foregoing manner. 

As the power supply voltage is applied, the reset unit outputs 
the initial reset signal to reset the latch . As the input terminal 
is applied with a signal equal to or lower than the power supply 
25 voltage in this state, the input signal is processed as an input 
signal for a logic operation. 

Then, as the input terminal is applied with a high voltage 
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higher than the power supply voltage, the transistor turns on 
to set the latch which responsively outputs a high-voltage 
detecting signal. This causes, for example, a transition to a 
test mode, followed by a test operation. 
5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram illustrating the configuration of a 
high-voltage detecting circuit according to a first embodiment 
of the present invention; 

Fig . 2 is a time chart showing the operation of the high- voltage 
10 detecting circuit in Fig. 1; 

Fig. 3 is a diagram illustrating the configuration of a 
high-voltage detecting circuit according to a second embodiment 
of the present invention; 

Fig . 4 is a time chart showing the operation of the high- voltage 
15 detecting circuit in Fig. 3; and 

Fig. 5 is a diagram illustrating the configuration of a 
high-voltage detecting circuit according to a third embodiment 
of the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 
20 First Embodiment 

Fig. 1 is a diagram illustrating the configuration of a 
high-voltage detecting circuit according to a first embodiment 
of the present invention. 

The high-voltage detecting circuit comprises a common 
25 terminal 1 which may be applied with a high voltage for setting 
a test mode as well as with an address signal; and a terminal 
2 which is applied with a power supply voltage VCC. 
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A buffer 3 is connected to the terminal 1 . such that an address 
signal ADR is output from the buffer 3. A PMOS 11 has a source 
which is also connected to the terminal 1. The PMOS 11 has a 
drain connected to a source and a gate of a PMOS 12 which has 
5 a drain connected to a node Nl . 

There are connected N-channel MOS transistors (hereinafter, 
referred to as the "NMOS" ) 13, 14 in series between the node 
Nl and the ground voltage GND. The power supply voltage VCC at 
the terminal 2 is applied to the respective gates of the PMOS 
10 11 and the NMOS's 13, 14. The node Nl is connected to the input 
of an inverter 15. 

The inverter 15 comprises a PMOS 15a and an NMOS 15b, 15c 
connected in series between the power supply voltage VCC and 
ground voltage GND. The PMOS 15a and NMOS 15c have their gates 
15 connected to the node Nl . The NMOS 15b has a gate connected to 
the power supply voltage VCC so that the NMOS 15b is set on at 
all times . An inverted signal of a signal at the node Nl is output 
from a connection of the respective drains of the NMOS 15b and 
PMOS 15a. The output of the inverter 1 5 is connected to an inverter 
20 16. 

The inverter 16 has PMOS's 16a, 16b and NMOS's 16c, 16d 
connected in series between the power supply voltage VCC and 
the ground voltage GND. The MPOS's 16a, 16b and NMOS's 16c. 16d 
have their gates commonly connected to the output of the inverter 
25 15, so that a connection of drains of the PMOS 16b and NMOS 16c 
serves as the output of the inverter 16. There are connected 
two PMOS's and two NMOS's in series, respectively, as mentioned 
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above in order to reduce a current which flows therethrough. 
An inverter 17 similar in configuration to the inverter 16 is 
connected to the output of the inverter 16. 

The output of the inverter 17 is connected to a gate of a 

5 PMOS 18. The PMOS 18 has a source and a drain connected to the 
power supply voltage VCC and a node N2 , respectively. The node 
N2 is connected to a drain of an NMOS 19 which has a source connected 
to the ground voltage GND , and a gate applied with a reset signal 
POR from a power-on reset unit 20. The power-on reset unit 20 

10 outputs the reset signal POR of "H" having a certain pulse width 
when the terminal 2 is applied with the power supply voltage 
VCC. 

The node N2 is connected to a latch 21 . The latch 21 comprises 
two inverters 21a, 21b connected in loop, where the input of 

15 the inverter 21a and the output of the inverter 21b are connected 
to the node N2 , and an inverted signal of a signal at the node 
N2 is held at a connection of the output of the inverter 21a 
with the input of the inverter 21b, and output from the connection. 
An inverter 22 is connected to the output of the latch 21 such 

20 that a mode signal MOD is output from the inverter 22. 

Fig . 2 is a time chart showing the operation of the high- voltage 
detecting circuit in Fig. 1. In the following, the operation 
of the high- voltage detecting circuit in Fig. 1 will be described 
with reference to Fig. 2. 

25 At time TO in Fig. 2, the terminal 2 is applied with the 

power supply voltage VCC, while the terminal 1 is applied with 
a signal IN equal to or lower than the power supply voltage VCC, 
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permitting the circuit to start the operation. Thus, the signal 
IN at the terminal 1 is applied to internal circuits, not shown, 
through the buffer 3 as an address signal ADR. 

On the other hand, the PMOS 11 turns off since the source 
5 voltage of the PMOS 11 becomes lower than the gate voltage. The 
NMOS ' s 13 , 14 turn on since the power supply voltage VCC is applied 
to the gates of the NMOS's 13, 14. Consequently, a signal SI 
at the node Nl goes to "L" and is applied to the gate of the 
PMOS 18 through the inverters 15. 16. 17. This causes the PMOS 
10 18 to turn off. 

As the power supply is turned on supply a voltage VCC, the 
power-on reset unit 20 outputs the reset signal POR to be applied 
to the gate of the NMOS 19. While the reset signal POR is being 
output, the NMOS 19 remains in the on-state, and the node N2 
15 is substantially at the ground voltage GND. Consequently, the 
latch 21 is reset . and the mode signal MOD output from the inverter 
22 becomes to "L." 

Subsequently, as the signal IN at the terminal 1 changes 
between "H" and "L" without exceeding the power supply voltage 
20 VCC, the signal IN is applied to internal circuits through the 
buffer 3 as an address signal ADR. On the other hand, since the 
PMOS 11 remains off as long as the signal IN is equal to or lower 
than the power supply voltage VCC, the signal SI at the node 
Nl remains at "L" without change, forcing the mode signal MOD 
25 to remain at "L." 

As the terminal 1 is applied with the signal IN at a voltage 
equal to or higher than VCC+Vth at time Tl, the PMOS 11 turns 
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on. Thus, the voltage at the terminal 1 is applied to the node 
Nl through the PMOS 11 and the NMOS 12 , causing the signal SI 
at the node Nl to become "H." As the signal SI becomes "H", the 
PMOS 18 to turn on, and the voltage at the node N2 to increase 

5 approximately to the power supply voltage VCC, thereby setting 
the latch 21. Then, the mode signal MOS goes to "H." 

As the signal IN at the terminal 1 returns to the power supply 
voltage VCC at time T2, the signal SI at the node Nl returns 
to "L." While this causes the PMOS 18 to turn off, the contents 

10 held in the latch 21 remain unchanged, and the mode signal MOD 
also remains at "H." 

At time T3 , the power supply voltage VCC at the terminal 
2 is increased to be higher than the normal voltage for conducting 
a high- voltage application test . The increase of the power supply 

15 voltage VCC causes a rise in the level "H" of internal signals 
such as the mode signal MOD, address signal ADR and the like, 
and the test is conducted at the increased level. 

As described above, the high- voltage detecting circuit of 
the first embodiment comprises the PMOS 11 which turns on when 

20 the signal IN at the terminal 1 is higher than the power supply 
voltage VCC at the terminal 2 by a certain value; and the latch 
21 for latching the state of the PMOS 11 when the PMOS 11 turns 
on. With this configuration, after the latch 21 is once set, 
the terminal 1 need not be continuously applied with the high 

25 voltage. 

Therefore , for conducting the high-voltage application test , 
the terminal 2 is first applied with the normal power supply 
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voltage VCC, while the terminal 2 is applied with a normal 
high-voltage for setting the test mode to set the mode signal 
MOD. Subsequently, the power supply voltage VCC at the terminal 
2 may be increased to a predetermined high-voltage . In this event , 
5 since the signal IN at the terminal 1 may be a "H" or "L" level 
signal, the buffer 3 connected to the terminal 1 for input is 
not applied with a higher voltage than required, advantageously 
eliminating the possibility of destroying the gate oxide film. 
Second Embodiment 
10 Fig. 3 is a diagram illustrating the configuration of a 

high-voltage detecting circuit according to a second embodiment 
of the present invention, where elements common to those in Fig. 
1 are designated the same reference numerals. 

The high-voltage detecting circuit differs from that 
15 illustrated in Fig. 1 in that an NMOS 23 is provided in parallel 
with the NMOS 19. There is provided a terminal 4 for externally 
applying a reset signal MDR to a gate of the NMOS 23. The rest 
of the configuration is similar to that of Fig. 1. 

Fig . 4 is a time chart showing the operation of the high- voltage 
20 detecting circuit in Fig. 3. In the following, the operation 
of the high-voltage detecting circuit illustrated in Fig. 3 will 
be described with reference to Fig. 4. 

At time Til in Fig. 4, the terminal 2 is applied with a power 
supply voltage VCC, while the terminal 1 is applied with the 
25 signal IN having a voltage equal to or lower than the power supply 
voltage VCC, permitting the circuit to start the operation. The 
signal IN at the terminal 1 is applied to internal circuits as 
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an address signal ADR through the buffer 3 . In this event . since 
the PMOS 11 has a source voltage equal to or lower than a gate 
voltage, the PMOS 11 turns off, and the signal SI at the node 
Nl is at "L." This causes the PMOS 18 to turn off. 

The application of the power supply voltage VCC causes the 
power-on reset unit 20 to output a reset signal POR which is 
applied to the gate of the NMOS 19. In this way. the NMOS 19 
turns on to reset the latch 21. and the inverter 22 outputs the 
mode signal MOD at "L." 

As the terminal 1 is applied with the signal IN at a voltage 
equal to or higher than VCC+Vth at time T12, the PMOS 11 turns 
on. This causes the signal SI at the node Nl to become "H." and 
the PMOS 18 to turn on to set the latch 21. The mode signal MOD 
becomes "H." 

At time T13, the signal IN at terminal 1 returns to the power 
supply voltage VCC, but the contents held in the latch 21 remain 
unchanged, and the mode signal MOD is maintained at "H." 

At time T14, the power supply voltage VCC applied to the 
terminal 2 is increased to a voltage higher than the normal voltage 
in order to conduct a high-voltage application test . This causes 
internal signals such as the mode signal MOD, the address signal 
ADR and the like to increase their "H" level at which the test 
is conducted. 

At time T15, the power supply voltage VCC at the terminal 
2 is returned to the normal value when the high- voltage application 
test is finished. 

As the terminal 4 is applied with the reset signal MDR for 
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terminating the test mode, the NMOS 23 turns on and the voltage 
at the node N2 substantially reaches the ground voltage GND, 
thereby resetting the latch 21. This causes the mode signal MOD 
output from the inverter 22 to become "L, " thereby the test mode 
5 is cleared. 

As described above, the high- voltage detecting circuit of 
the second embodiment comprises the NMOS 23 for resetting the 
latch 21 using the reset signal MDR applied from the outside, 
in addition to the high-voltage detecting circuit of the first 
10 embodiment. The addition of the NMOS 23 advantageously 

eliminates the need of a power- on operation when the test mode 
is switched to the normal mode , and permits an immediate transition 
to the normal mode, in addition to the similar advantages provided 
by the first embodiment. 
15 Third Embodiment 

Fig. 5 is a diagram illustrating the configuration of a 
high-voltage detecting circuit according to a third embodiment 
of the present invention, where elements common to those in Fig. 
3 are designated the same reference numerals. 
20 The high-voltage detecting circuit comprises a depletion 

type NMOS (hereinafter, referred to as the "DMOS" ) 24 having 
a long gate length between the node N2 and the ground voltage 
GND, instead of the NMOS 19 and the power-on reset unit 20 in 
Fig. 3. There are provided similar DMOS ' s 25, 26 between the 
25 inputs of the inverters 15, 17 and the ground voltage GND, 
respectively . 

Each of the DMOS's 24-26, which exhibits a predetermined 
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on-resistance in accordance with the gate length even when the 
gate voltage is zero volts, has a gate connected to the ground 
voltage GND . In this configuration, each of the DMOS's 24 - 26 
serves as a pull-down resistor which has a large resistance. 

5 The gate length of each of the DMOS's 24 - 26 is larger than 
those of transistors used in an output stage of the buffer 3 
which constitutes part of the high-voltage detecting circuit, 
and in internal circuits (not shown) which may be provided beyond 
the buffer 3. The gate length is determined as appropriate in 

10 accordance with the value of a current flowing into the 

high-voltage detecting circuit when a high voltage is applied 
to the terminal 1 . 

In the high- voltage detecting circuit, when the terminal 
2 is applied with the power supply voltage VCC and the terminal 

15 1 is applied with the signal IN equal to or lower than the power 
supply voltage VCC upon power-on , the PMOS 18 turns off, and 
the node N2 is connected to the ground voltage GND through the 
DMOS 24 for pull-down. Consequently, the latch 21 holds "L" level 
at the node N2, and the inverter 22 outputs the mode signal MOD 

20 at "L." 

In this event, the node Nl is also pulled down through the 
DMOS 25, ensuring that the signal SI goes to "L." In addition, 
the input of the inverter 17 is also pulled down through the 
DMOS 25. 

25 As described above, the high-voltage detecting circuit of 

the third embodiment comprises the pull -down DMOS 24 instead 
of the power-down reset unit 20 and the NMOS 19 in the high-voltage 
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detecting circuit of the second embodiment. This can 
advantageously simplify the circuit configuration, in addition 
to the advantages of the second embodiment. 

Also, the initial state can be immediately set upon power-on, 
thereby reducing a start-up time, since the locations of which 
the level is normally at "L" are connected to the ground voltage 
GND through the pull -down DMOS ' s 25, 26. 

The present invention is not limited to the foregoing 
embodiments but can be modified in various ways. Exemplary 
modifications may include the f ollowings , by way of example. 

(a) The configuration of the inverters 15 - 17 is not limited 
to the one illustrated above. Specifically, each inverter may 
be comprised of a PMOS and an NMOS, as is usually the case. 

(b) The inverters 15-17 may be removed, such that the latch 
is connected to the node Nl . 

(c) The configuration of the latch 21 is not limited to the 
one illustrated above. For example, a set-reset type flip-flop 
may be used such that the latch 21 is set by the signal SI and 
reset by the reset signals POR, MDR. 

(d) Instead of the DMOS 1 s 24 - 26 in Fig. 5, pull -down 
resistors may be used. 

(e) While the terminal 1 is shared for receiving a high 
voltage and an address signal, the terminal 1 may be shared for 
receiving the high voltage and another input signal. 

As described above in detail, the high-voltage detecting 
circuit according to the present invention comprises a latch 
responsive to a high voltage applied to an input terminal for 



-13- 



detecting the high voltage, holding the state, and outputting 
a high-voltage detecting signal. This eliminates the need for 
continuously applying the input terminal with a high voltage 
for the mode setting, and permits a high voltage test and the 
like to be conducted simply by increasing the power supply voltage 
to a predetermined voltage. Consequently, the input terminal 
is not applied with any high voltage equal to or higher than 
a predetermined voltage, thereby making it possible to prevent 
a gate oxide film from being destroyed in a logic circuit which 
shares the input terminal. 
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